Until now, the first reported doubly charmed baryon Ξ + cc (3520) is still in a puzzle. It was discovered and confirmed by SELEX Collaboration, but not confirmed by LHCb, BABAR, BELLE, FOCUS, and any other Collaboration. In (3520)). After that, masses of the orbitally excited (L=1,2,3) doubly and triply charmed baryons are estimated. The results are reasonable comparing with those extracted in many other approaches. We suggest more efforts to study doubly and triply charmed baryons both theoretically and experimentally, not only for the abundance of baryon spectra, but also for numerically examining whether the linear mass relations or the quadratic mass relations are realistic in nature. Our predictions are useful for the discovery of unobserved doubly and triply charmed baryon states and the J P assignment of these states.
I. INTRODUCTION
In Quark Model, doubly and triply charmed baryons exist [1] . Many theoretical works have been focused on the mass spectra of doubly and triply charmed baryons in different approaches . Experimentally, the doubly charmed baryon Ξ + cc (3520) (ccd) was first reported in the charged decay mode Ξ + cc → Λ + c K − π + (SELEX 2002 [46] ) and confirmed in another charged decay mode Ξ + cc → pD + K − (SE-LEX 2005) [47] . However, the J P number of Ξ + cc (3520) has not been determined experimentally. Until recently, Ξ + cc (3520) was the only doubly charmed state adopted by Particle Data Group with the average mass 3518.9±0.9 MeV [1] . In our previous work in 2008 [4] , it was illustrated that if the state Ξ + cc (3520) real exists, the mass of Ξ + cc (3520) is too small to be assigned as the 3 2 + doubly charmed baryons, and its spin-parity should be J P = 1 2
+ . Under this assumption, we calculated masses of other doubly and triply charmed baryons (Ω cc , Ξ * cc , Ω * cc , and Ω ccc ). However, curiously, until now, Ξ + cc (3520) has not been confirmed by any other Collaboration (notably by LHCb [48] , BELLE [49] , BABAR [50] , and FOCUS [51] ), even though they have more reconstructed charm baryons than SELEX. Thus, the existence of Ξ + cc (3520) is doubtful. Therefore, the way to calculate the masses of the doubly and triply charmed baryons which is independent of Ξ + cc (3520) is needed. According to the latest "Review of Particle Physics" [1] (PDG 2014), many light baryons and singly charmed baryons have been well established. Therefore, we will attempt to avoid using the mass of Ξ + cc (3520) and focus on searching mass relations which can express the mass of a doubly charmed baryon as a function of masses of the well established light baryons and singly charmed baryons. It is noted that the direct generalization of the Gell-Mann-Okubo formula [52] to the charmed and bottom hadrons cannot agree well with experimental data. The Regge trajectory ansatz is a simple and effective phenomenological model to study mass spectra [31, [53] [54] [55] [56] [57] [58] [59] and mass relations [4, 10, 60, 61] for baryons and mesons.
In the present work, in Regge phenomenology, we will first express the mass of the ground state (the orbital quantum number L = 0) doubly charmed baryon Ω * + cc as a function of masses of light baryons (Σ * + , Ξ * 0 , Ω − ) and singly charmed baryons (Ξ * + c , Ω * 0 c ) which are well established experimentally. With the help of the relation between the slope ratio and masses of baryons with different flavors, we will extract the values of slopes for doubly and triply baryons. Then, with the quadratic mass relations derived from Regge phenomenology, we will calculate the masses of the ground state triply charmed baryon Ω ++ ccc and doubly charmed baryons Ξ ( * )++ cc , Ξ ( * )+ cc , and Ω + cc . After that, masses of the orbitally excited (L=1,2,3) doubly and triply charmed baryons will be estimated. The results will be compared with the existing experimental data and those suggested in many other approaches .
The remainder of this paper is organized as follows. In Sec. II, we will first briefly introduce the Regge trajectory ansatz. Then, we express the quadratic mass of Ω * + cc as a function of masses of light baryons and singly charmed baryons. After that, we will calculate the slopes of doubly and triply baryons and the masses of the doubly baryons lying on the Ω * + cc trajectory. In Sec. III, the masses of baryons lying on the Ω ccc ++ and Ξ * cc trajectories will be extracted. In Sec. IV, the masses of baryons lying on the Ξ cc and Ω + cc trajectories will be estimated. Finally, a short discussion and conclusion will be given in Sec. V.
II. MASS OF THE DOUBLY CHARMED BARYON Ω * + cc
Regge theory is concerned with almost all aspects of strong interactions, including particle spectra, forces between particles, and the high energy behavior of scattering amplitudes [62] . It is known from
Regge theory that all mesons and baryons are associated with Regge trajectories (Regge poles which move in the complex angular momentum plane as a function of energy) [63] . Hadrons lying on the same Regge trajectory which have the same internal quantum numbers are classified into the same family [62, 64] ,
where α ′ and a(0) are respectively the intercept and slope of the Regge trajectory on which the particles lie. For a baryon multiplet, the Regge intercepts and Regge slopes for different flavors can be related by the following relations (see Ref. [4] and references therein):
where i, j, and k represent quark flavors. There is also a relation about the factorization of slopes, [65] . This relation is consistent with the formal chiral limit, but fails in the heavy quark limit [66] . Charm quark is one of the heavy quarks. Therefore, we do not use this relation about the factorization of slopes in the present work.
Using Eqs. (1), (2) , and (3), when the quark masses m j > m i , one can obtain
Therefore, for the
Inserting the masses of Σ * + , Ξ * 0 , Ω − , Ξ * + c , and Ω * 0 c into the relation (6), one can get M Ω * cc = 3808.9
MeV (where the uncertainty comes from the measurement errors of the input baryons). We can keep one digit after the decimal point in the result because all the input data have no less than one digit after the decimal point. In this work, all the masses of baryons used in the calculation are taken from PDG 2014 [1] and the mass splittings between isospin multiplet are also considered. Comparison of the masses of Ω * + cc extracted in the present work and those given in other references is shown in Table 1 . Inserting the masses of Σ * + , Ξ * + c , and Ω * + cc into Eq. (5) 
Then, with the values M Ω * cc = 3808.9
−35.7 MeV and α ′ scc = 0.5094
−0.0540 GeV −2 obtained above, from Eq. (7), the masses of the orbitally excited baryons (L=1,2,3, while J P = Table 1 . 
III. MASSES OF THE BARYONS LYING ON THE
a uuu (0) − a uux (0) (x denotes the flavor of a quark). To evaluate the high-order effects, we introduce the parameter δ,
Combining with Eq. (1), we can have
From Eq. (9), we can see that δ ij,k is independent of the k quark.
For the 3 2 + multiplet, noticing that δ 3 2 + ij,k in the above relation (9) is independent of k, considering the difference of u-quark and d-quark, when i = s, j = c, k = u, d, s, c, Eqs. (9) can be expressed as follow:
With the expression for the mass of Ω * + cc (Eq. (6)), from the quadratic mass equations Eq. (10), we can obtain the expressions for the masses of Ξ * ++ cc , Ξ * + cc , and Ω ++ ccc . For example, extracted in the present work and those given in other references are shown in Table 2 and Table 3 , respectively. Tables 2 and 3 , respectively. The wave function of a baryon is antisymmetry.
According to the quantum number analysis, the odd-parity Ω ccc baryons can not have the total quark spin S= 
Based on Eq. (9),
nc can be expressed as
Considering the difference between members in the isospin multiplet, Eq. (61) in Ref. [4] can be expressed as
The linear forms in Eqs. (14) can satisfy the instanton model [67] and were given by Hendry and Lichtenberg in the quark model [68] , by Verma and Khanna considering the second-order effects arising from the 84 representation of SU(4) [69] and in the framework of SU (8) symmetry [70] , and by Singh et al. studying SU(4) second-order mass-breaking effects with a dynamical consideration [71] . The linear forms in Eqs. (14) were derived by Singh and Khanna in the nonrelativistic additive quark model [72] and by Singh using broken SU(6) internal symmetry including second-order mass contributions [73] .
As done in Ref. [4] , assuming that δ MeV (where the uncertainties come from the errors of the input data). In the calculation, we avoid using the masses of ∆ + and ∆ 0 because they were not reliably measured, as indicated in PDG 2014 [1] . Comparison of the masses of Ξ cc and Ω cc extracted in the present work and those given in other references is shown in Table   4 and Table 5 , respectively. Table 4 and Table 5 . In the present work, we focused on studying masses of doubly and triply charmed baryons which do not rely on unobservable parameters and distrustful resonances. Under the Regge trajectory ansatz, with the aids of the additivity of intercepts and inverse slopes, we first expressed the mass of the ground state [47] ), with mass M =3518±3 MeV. These reports were adopted by Particle Data Group [1] with the average mass 3518.9±0.9 MeV. However, the J P number has not been determined experimentally. Moreover, it has not been confirmed by other experiments (notably by LHCb [48] , BELLE [49] , BABAR [50] , and FOCUS [51] ) even though they have more reconstructed charm baryons than SELEX.
In the present work, in Table 4 + . This assignment coincides with the fact that Ξ + cc (3520) is observed to decay only weakly [46, 47] (if the J P of Ξ + cc (3520) were 3 2 + , it should decay electromagnetically [75] ) and agrees with many theoretical discussions [11, 76] .
In this work, we took squared mass relations rather than linear mass relations taken in Refs. [67] [68] [69] [70] [71] [72] [73] .
In the light quark sector, the linear mass relations and the quadratic mass relations lead to the similar results. However, they do lead to different values when mass relations include both light baryons and heavy baryons such as Eq. (10).
Searching for doubly and triply charmed baryons is helpful not only for the abundance of baryon spectra, but also for numerically examining whether the linear mass relations or the quadratic mass relations are realistic in nature. Therefore, more efforts should be given to study doubly and triply charmed baryons both theoretically and experimentally.
The approach presented in the present work can be used to calculate the masses of the doubly and triply charmed baryons based on the existing experimental data while the approach in the previous work [4] needs the mass of one doubly heavy baryon to predict the masses of other doubly heavy baryons. We will estimate masses of doubly and triply bottom baryons in our next work.
To sum up, in the present work, by employing Regge phenomenology, we first expressed the mass 
